Abstract When participants are asked to recall lists of items in the reverse order, known as backward recall, several benchmark memory phenomena, such as the word length effect, are abolished (Bireta et al. Memory & Cognition 38:279-291, 2010). Bireta et al. (Memory & Cognition 38:279-291, 2010) suggested that in backward recall, reliance on order retention is increased at the expense of item retention, leading to the abolition of itembased phenomena. In a subsequent study, however, Guérard and Saint-Aubin (in press) showed that four lexical factors known to modulate item retention were unaffected by recall direction. In a series of five experiments, we examined the source of the discrepancy between the two studies. We revisited the effects of phonological similarity, word length, articulatory suppression, and irrelevant speech, using open and closed pools of words in backward and forward recall. The results are unequivocal in showing that none of these effects are influenced by recall direction, suggesting that Bireta et al. 's (Memory & Cognition 38:279-291, 2010) results are the consequence of their particular stimuli.
whereas Guérard and Saint-Aubin used open sets of words. The objective of the present study was to examine the source of the discrepancy between the two studies to improve our understanding of the processes involved in backward recall. In order to do this, we revisited the effects of phonological similarity, irrelevant speech, articulatory suppression, and word length in forward and backward recall, using open and closed pools of words.
After more than a century of work on the processes involved in forward immediate serial recall, there has been growing interest in understanding the processes involved in backward recall (see, e.g., Lewandowsky & Farrell, 2008) . In order to further understand these processes, Bireta et al. (2010; see also Surprenant et al., 2011) tested four benchmark memory phenomena well known to modulate forward serial recall performance in backward recall-that is, the effects of word length, phonological similarity, articulatory suppression, and irrelevant speech. Bireta and her colleagues (2010; Surprenant et al., 2011) showed that the four benchmark memory effects are abolished or greatly reduced in backward recall, as compared with forward recall. They accounted for these results within the scale invariant memory and perceptual learning (SIMPLE) model (Brown, Neath, & Chater, 2007) . SIMPLE suggests that benchmark memory effects occur at the level of the item dimension. Bireta et al. (2010) suggested that benchmark memory phenomena were abolished in backward recall because, in this recall condition, more attention is devoted to the order dimension at the expense of the item dimension. As a consequence, the phenomena that occur because of the item dimension are abolished or greatly diminished.
Other factors that are well known to modulate item retention are lexical variables. Lexical variables refer to "word properties, such as word frequency and concreteness, which reflect differences in the way in which words are represented in long-term or lexical memory" (Stuart & Hulme, 2009, p. 157) . Lexical effects include the better recall of high-frequency words over lowfrequency words (the word frequency effect; see, e.g., Hulme, Stuart, Brown, & Morin, 2003; Roodenrys & Quinlan, 2000) , of words over nonwords (the lexicality effect; see, e.g., Hulme, Maughan, & Brown, 1991; Multhaup, Balota, & Cowan, 1996) , of concrete words over abstract words (the effect of word concreteness or imageability; see, e.g., Miller & Roodenrys, 2009; Walker & Hulme, 1999) , and of semantically related words over unrelated words (the effect of semantic similarity; see, e.g., Poirier & Saint-Aubin, 1995; Tse, 2009) . Saint-Aubin and Poirier (1999) showed that lexical variables modulate item retention. Guérard and Saint-Aubin (in press) reasoned that if backward recall reduces the availability of resources for the item dimension, lexical effects should be abolished in backward recall. Contrary to this prediction, they showed that the effects of lexicality, word frequency, word imagery, and semantic similarity were generally unaffected by backward recall (see also Walker & Hulme, 1999) .
At first glance, backward recall appears as a further dissociation between short-and long-term memory processes. However, before considering backward recall effects as a new dissociation, some key methodological issues must be addressed. The word pool appears to be a good candidate to account for previous dissociations. With a backward recall procedure, lexical effects were maintained in previous studies using an open word pool in which different words were presented on each trial (Guérard & Saint-Aubin, in press; Walker & Hulme, 1999) . On the other hand, lexical effects were abolished with a closed pool where the same items were used on every trial (Hulme et al., 1997) . Similarly, Bireta and her colleagues (2010; Surprenant et al., 2011) abolished or reduced all benchmark memory effects with closed or semi-closed pools. A semi-closed pool is a word set that is restricted but larger than list length, so that the same items are repeated several times during an experiment. In forward recall, it is well established that set size modulates both lexical (see, e.g., Roodenrys & Quinlan, 2000) and benchmark (see, e.g., Gupta, Lipinski, & Aktunc, 2005) memory effects. For instance, Roodenrys and Quinlan showed that the effect of word frequency was reduced when a closed pool of words was used, as compared with an open pool of words. They suggested that set size influenced item retrieval by reducing the number of competitors during redintegration. Likewise, the phonological similarity effect on item memory has been reduced with a closed pool (Gupta et al., 2005) . The different levels of requirements in terms of item memory between open and closed pools might modulate the effect of backward recall and the attentional shift between item and order retention.
In the following series of experiments, we revisited the four benchmark memory phenomena studied by Bireta et al. (2010) , using open and closed pools of words. We manipulated phonological similarity, irrelevant speech, articulatory suppression, and word length in both forward and backward recall. Prior knowledge of recall direction was shown not to modulate the effect of recall direction on the benchmark memory effects (see Surprenant et al., 2011) and on the lexical effects (see Guérard & Saint-Aubin, in press) . Therefore, for the sake of comparability with the previous studies, participants were informed of recall direction only after list presentation. Moreover, in order to compare our results with those of previous studies, an order reconstruction procedure similar to that adopted by Bireta et al. (2010) was used.
Experiment 1: phonological similarity
In Experiments 1A and 1B, we tested the effect of phonological similarity, which is the better recall of dissimilar sounding items over similar sounding items (Baddeley, Lewis, & Vallar, 1984; Conrad, 1964) . The effect of phonological similarity was assessed using an open pool of words (Experiments 1A) and a closed pool of words (Experiment 1B).
Experiment 1A

Method
Participants Twenty undergraduate students from Université de Moncton volunteered to participate in this experiment.
Materials A total of 56 lists were assembled. Twenty-eight phonologically similar lists were composed of seven monosyllabic French words that rhymed together. Each word was used only once for phonologically similar lists, and the same rhyme was not used for more than four lists. In order to assemble the lists of 28 dissimilar words, the 28 similar lists were split into four sets of 7 lists, with the constraint that none of the 7 lists could share a rhyme. Seven dissimilar lists were assembled by selecting at random 1 word from each phonologically similar list of a set. With this procedure, each word was used twice: once for a phonologically similar list and once for a phonologically dissimilar list. Therefore, the words in the similar and dissimilar conditions were equated on all possible variables.
Design Each participant underwent one block of 56 experimental trials preceded by 4 practice trials, 2 for each recall direction. The practice trials were done with the experimenter present to ensure compliance with the instructions. The lists in the four conditions (forward dissimilar, forward similar, backward dissimilar, backward similar) were presented in a different random order for each participant. The words within each list were also presented in a different random order for each participant. The two sets of lists used in forward and backward recall were counterbalanced across participants. The experiment lasted about 45 min.
Procedure The words were presented sequentially at the center of the screen at a rate of one item per second (1,000 ms on, 0 ms off). After the presentation of the last word, they all reappeared simultaneously on the screen and were to be clicked on in the correct order-that is, from the first to the last item in forward recall or from the last to the first item in backward recall. The items reappeared in alphabetical order and were presented in two rows containing three and four items, respectively. Once clicked upon, the words changed from black color to green. The recall direction was indicated by the word "normal" (normal) in blue or "inversé" (reverse) in red capital letters above the symbol "==>" or "<==" presented in black ink in the upper part of the screen, above the to-be-recalled words. The words remained on the screen until each one had been clicked on. The order in which the words were clicked upon was recorded by the computer. Therefore, if, in the backward recall condition, participants started with the first presented word, followed by the second presented word, as in forward recall, those responses would be considered as errors, because the correct answers are the seventh and sixth items, respectively. Participants self-initiated trials by pressing the space bar.
Results
All repeated measures analyses of variance (ANOVAs) conducted on the proportions of correct responses in the following experiments are reported in Appendix 1. In all analyses, the .05 level of significance was adopted, and the Greenhouse-Geisser correction was applied when the sphericity criterion was not met. The two top left panels of Fig. 1 show a phonological similarity effect in both recall conditions. As can be seen in Appendix 1, the recall performance did not vary between the forward recall (M = .51, SD = .13) and backward recall (M = .54, SD = .17) conditions. Phonologically dissimilar words (M = .59, SD = .15) were better recalled than phonologically similar words (M = .47, SD = .13), and the main effect of serial position was significant. Importantly, there was no significant interaction between recall direction and phonological similarity. The significant interaction between recall direction and serial position corresponded to the typical greater primacy effect in forward recall and to the greater recency effect in backward recall. There was also a significant interaction between phonological similarity and serial position. No other interactions were significant.
Despite the nonsignificant interaction between recall direction and serial position, planned contrasts were carried out in order to confirm the presence of a phonological similarity effect in forward and backward recall. The contrasts for all experiments are reported along with the effect sizes (Cohen's d) and the magnitude of the memory effects (see Surprenant, Neath, Bireta, & Allbritton, 2008) in each of the forward and backward conditions in Table 1 . For instance, the magnitude of the phonological similarity effect was given as a percentage by calculating the difference in recall performance between the dissimilar and similar condi-tions, divided by recall performance in the dissimilar condition ( [(Dis Sim)/Dis] * 100). Table 1 shows that the phonological similarity effect was significant in both forward and backward recall.
Discussion
As in previous studies, phonologically similar words were more difficult to recall than dissimilar words (see, e.g., Baddeley et al., 1984; Conrad, 1964) . In contrast with the results of Bireta et al. (2010) , phonologically similar words were more difficult to recall than dissimilar words for both forward and backward recall: Recall direction had no effect on the phonological similarity effect.
Experiment 1B
The discrepancy between our results and those of Bireta et al. (2010) could be due to their stimuli. First, Bireta et al. (2010) used a closed pool of items, whereas we used an open pool. As was suggested by Roodenrys and Quinlan (2000) , decreasing set size might influence memory performance by restraining the pool of candidates that compete for output at recall. This could promote the reliance on order retention in backward recall. Second, Bireta et al. (2010) used letters, which are highly familiar items, whereas we used words. Experiment 1B was designed to control for these two factors. We used a closed pool of words so that for each participant, the same two sets of similar and dissimilar words were presented in every trial, but in a different random order. In order to ensure that the effects are not attributable to the selected stimuli, the stimulus sets were different for each participant. Finally, the effect of familiarity was examined by increasing the number of trials. A total of 80 trials, divided into four blocks of 20 trials, were implemented. If item familiarity modulates the interaction between recall direction and phonological similarity, the similarity effect should decrease as a function of block in backward recall, but not in forward recall.
Method
Participants Twenty undergraduate students from Université de Moncton volunteered to participate in this experiment. None had participated in the previous experiments.
Materials The materials were the same as those used in Experiment 1A. However, to meet the conditions of the closed pool needed for this experiment, the same phonologically similar and dissimilar lists were used throughout the experiment; for each participant, the two lists were chosen from those used in Experiment 1A, with the restriction that one word was not repeated between the phonologically similar and dissimilar lists. On each trial, the same words were presented in a different randomized order. Importantly, the stimulus set was different for each participant.
Design and procedure The design and procedure were the same as those in Experiment 1A, with the exception that the present experiment consisted of four blocks of 20 trials. In each block, there were 5 trials per condition (forward dissimilar, forward similar, backward dissimilar, backward similar) that were presented randomly. The 80 trials were presented in succession so that participants were not aware that there were four separate blocks of trials. The experiment lasted approximately 1 h.
Results
In order to examine the role of familiarity in the abolition of the phonological similarity effect in backward recall, the 80 experimental trials were divided into four blocks of 20 trials (see Fig. 2 ). Recall performance was pooled across serial positions. A 2 (recall direction) × 2 (phonological similarity) × 4 (block) repeated measures ANOVA showed that dissimilar words were better recalled than similar words, F(1, 19) = 22.47, MSE = .04, h 2 p ¼ :54, and that performance improved as a function of block, F(3, 57) = 3.47, MSE = .02, h 2 p ¼ :15. The effect of recall direction was not significant, F(1, 19) = 1.57, MSE = .03, h 2 p ¼ :08. No interactions were significant. Since block did not modulate the effect of backward recall on the phonological similarity effect, we analyzed performance as a function of serial position, pooled across the four blocks. The serial position curves illustrated in the two top right panels of Fig. 1 show a phonological similarity effect in both forward recall and backward recall. The repeated measures ANOVA reported in Appendix 1 revealed that the main effect of serial position was significant but that performance in backward (M = .64, SD = .13) and forward (M = .61, SD = .12) recall was not significantly different. Phonologically dissimilar words (M = .68, SD = .18) were better recalled than phonologically similar words (M = .57, SD = .15). Once again, there was no significant interaction between recall direction and phonological similarity. Moreover, planned contrasts confirmed that the effect of phonological similarity was significant in both forward and backward recall (see Table 1 ). Cohen's ds calculated in both conditions suggest that the effect of phonological similarity was similar in the backward and in the forward conditions. The interaction between recall direction and serial position was significant, indicating that the primacy effect was greater in forward recall, whereas the recency effect was greater in backward recall. There were no other significant interactions.
Discussion
Experiment 1B replicates previous studies in showing that phonologically similar items are more difficult to recall than dissimilar items (see, e.g., Baddeley et al., 1984; Conrad, 1964) . Most important, the effect of phonological similarity was unaffected by recall direction, irrespective of whether participants were unfamiliar (in Block 1) or familiar (in Block 4) with the stimuli. This suggests that item familiarity does not mediate the abolition of the phonological similarity effect in backward recall.
Experiment 2: irrelevant speech
Experiment 1 showed that, unlike in Bireta et al. (2010) , the effect of phonological similarity was observed in forward and backward recall, irrespective of set size and item familiarity. In Experiment 2, we revisited a second benchmark memory effect abolished in backward recall by Bireta et al. (2010) -that is, the effect of irrelevant speech.
This effect is observed when irrelevant tokens presented auditorily during the memory task impair recall performance (Colle & Welsh, 1976; Cowan, Lichty, & Grove, 1990; Jones & Morris, 1992; LeCompte, 1996) . The effect of irrelevant speech was tested in forward and backward recall using an open (Experiment 2A) and a closed (Experiment 2B) pool of words.
Method
Participants Forty students from a local college volunteered to participate in this experiment. Twenty took part in Experiment 2A, and 20 took part in Experiment 2B.
Materials In Experiment 2A, two word pools containing 196 monosyllabic French nouns were used; the words within each pool were matched for word frequency. From each pool, 28 lists of seven words were assembled by sampling without replacement, with the constraint that, within each list, there were no rhyming words and no obvious semantic associations between words. For each pool, the 28 lists were randomly split into two sets of 14 lists. At the end of this procedure, we obtained four sets of 14 lists, each presented in one of the four conditions of the experiment (forward/quiet, forward/irrelevant speech, backward/quiet, backward/irrelevant speech). Using a Latin square design, each set was used equally often in each of the four conditions. In order to meet the conditions of a closed pool in Experiment 2B, the lists of words used for each trial of an individual participant were composed of the same seven words in randomized order, the words being taken from an original list randomly chosen from the pool used in Experiment 2A. The stimulus set was different for each participant. A sequence of 27 digits from 1 to 9 presented in random order was used for the irrelevant speech condition of the experiment. The digits were spoken by a male voice through headphones at a rate of one item per 300 ms. The same list of digits was used for all trials and all participants.
Design and procedure The design and procedure were the same as those used in Experiment 1A, with the exception that on 50% of the trials, to-be-ignored digits were presented to the participants over the headphones during the presentation of the words. The presentation of spoken digits began 1,000 ms before the onset of the first word and ended 100 ms after the offset of the last word.
Results
An examination of Fig. 1 shows an irrelevant speech effect for both forward and backward recall conditions. The Experiment 2A The analysis revealed a significant better recall under quiet (M = .51, SD = .12) than under irrelevant speech (M = .44, SD = .12) conditions. Backward (M = .48, SD = .05) and forward (M = .47, SD = .06) recall performance was not significantly different, but the effect of serial position was significant. The interaction between recall direction and irrelevant speech was not significant. There was a significant interaction between recall direction and serial position, caused by the greater primacy effect in forward recall and the greater recency effect in backward recall. A significant interaction between irrelevant speech and serial position was also observed. No other significant interactions were found. As is shown in Table 1 , planned contrasts confirmed that the effect of irrelevant speech was significant in both forward and backward recall conditions.
Experiment 2B
The results of our analysis, reported in Appendix 1, revealed that backward (M = .45, SD = .12) and forward (M = .47, SD = .12) recall did not differ significantly but that recall performance was superior in the quiet condition (M = .52, SD = .12), as compared with the irrelevant speech condition (M = .41, SD = .11). The main effect of serial position was also significant. It is important to note that no significant interaction was found between recall direction and irrelevant speech. Planned contrasts confirmed that the effect of irrelevant speech was significant in both recall directions (see Table 1 ). The interaction between recall direction and serial position was significant, confirming the greater primacy effect in forward recall and recency effect in backward recall. The interaction between irrelevant speech and serial position was also significant, but no other interactions were significant.
Discussion
In both Experiments 2A and 2B, we replicated the detrimental effect of irrelevant speech on the recall of words (see, e.g., Colle & Welsh, 1976; Cowan et al., 1990; Jones & Morris, 1992; LeCompte, 1996) . In opposition to Bireta et al.'s (2010) results, the irrelevant speech effect was found in both forward and backward recall, irrespective of set size.
Experiment 3: articulatory suppression
When participants are asked to articulate irrelevant items during memorization of the list in serial recall, their performance is greatly impaired, as compared with a control condition with no concurrent articulation (the effect of articulatory suppression; see, e.g., Baddeley et al., 1984; Murray, 1968) . Bireta et al. (2010) showed that this effect was reduced in backward recall. The effect of articulatory suppression was tested in forward and backward recall using an open (Experiment 3A) and a closed (Experiment 3B) pool of words.
Method
Participants Forty students from a local college volunteered to participate in this experiment. Twenty took part in Experiment 3A, and 20 took part in Experiment 3B.
Materials The materials in Experiment 3A and 3B were the same as those used in Experiments 2A and 2B, respectively, with the exception that no irrelevant speech was used.
Design and procedure The design and procedure were the same as those in Experiment 1A, with the exception that 1,000 ms before the presentation of the first to-be-remembered word on the screen, participants were presented with either the word "silence" (in the condition without articulatory suppression) or the numbers "1-2-3-4" (in the condition with articulatory suppression) in the center of the screen. Half of the trials were assigned to the quiet condition, and the other half were assigned to the articulatory suppression condition. When submitted to the articulatory suppression condition, participants were required to count from 1 to 4 repetitively during the entire presentation of the to-be-remembered stimuli, whereas during the silence condition, participants were instructed not to count.
Results
As is shown in Fig. 1 , forward and backward recall conditions showed an effect of articulatory suppression in both Experiments 3A and 3B.
Experiment 3A The analysis indicated that recall performance did not significantly differ in the backward (M = .41, SD = .17) and forward (M = .42, SD = .18) conditions. The absence of articulatory suppression during stimuli presentation (M = .52, SD = .11) generated better recall performance than did the presence of articulatory suppression (M = .30, SD = .07). The main effect of serial position was significant. As is suggested by the significant interaction between recall direction and articulatory suppression, the effect of articulatory suppression was greater in forward recall than in backward recall. Planned contrasts showed that the effect of articulatory suppression was significant in both forward and backward recall (see Table 1 ). The interaction between recall direction and serial position and the interaction between articulatory suppression and serial position were significant. No other significant interactions were found.
Experiment 3B The analysis confirmed that recall performance was superior in the quiet condition (M = .45, SD = .11) than in the articulatory suppression condition (M = .28, SD = .09). Recall performance was not significantly different in the backward (M = .37, SD = .10) and forward (M = .36, SD = .10) conditions, but the effect of serial position was significant. Importantly, there was no significant interaction between recall direction and articulatory suppression in this experiment. Planned contrasts confirmed that the effect of articulatory suppression was significant in both forward and backward recall (see Table 1 ). The interaction between recall direction and serial position was significant, consistent with the greater primacy and recency effects found in forward and backward recall, respectively. A significant three-way interaction between recall direction, articulatory suppression, and serial position was also found, although no other significant interactions were found.
Discussion
An effect of articulatory suppression on recall performance was found in Experiments 3A and 3B (see, e.g., Baddeley et al., 1984; Murray, 1968) . In line with previous experiments, backward recall did not modulate the effect of articulatory suppression in Experiment 3B when a closed pool was used. In Experiment 3A, however, when an open pool of words was used, backward recall reduced the magnitude of the effect of articulatory suppression. This diminution was rather weak, however, decreasing from 46.1% in forward recall to 37.6% in backward recall (see Table 1 ), a reduction of 8.5%. Indeed, in Bireta et al.'s (2010) study, the magnitude of the effect of articulatory suppression went from 54.5% in forward recall to 25.8% in backward recall, a reduction of 28.7%.
Experiments 4 and 5: word length
The effect of word length refers to the better recall of short words over long words (see, e.g., Baddeley, Thomson, & Buchanan, 1975) . This effect was abolished in backward recall (Bireta et al., 2010; Surprenant et al., 2011) . In the following experiments, word length was reassessed in forward and backward recall, using an open pool of words (Experiment 4A), a closed pool of words (Experiment 4B), and the same semi-closed pool of words as that used by Bireta et al. (2010; Experiment 5) .
Experiment 4
Method
Participants Forty students from a local college volunteered to participate in this experiment. Twenty took part in Experiment 4A, and 20 took part in Experiment 4B.
Materials In Experiment 4A, two word pools containing 196 words each were used for this experiment. The first pool, used for the short-word condition, consisted of monosyllabic nouns, whereas the second pool, used for the long-word condition, was composed of three-syllable nouns. Both pools were equated for word frequency and imagery. Each pool was divided to make 28 lists of seven words, with the condition that, within each list, there were no rhyming words or obvious semantic associations between words. The same materials were used in Experiment 4B, except that, in order to meet the conditions of a closed pool, the lists of words used for each trial of an individual participant were composed of the same words in randomized order, the words being taken from an original list randomly chosen from the pool used in Experiment 4A.
Design and procedure The design and procedure were the same as those in Experiment 1A.
Results
An examination of Fig. 1 shows a word length effect in both recall conditions, in both Experiments 4A and 4B.
Experiment 4A The analyses indicated that the main effects of recall direction, word length, and serial position were all significant: Backward recall (M = .49, SD = .13) resulted in better recall performance than did forward recall (M = .33, SD = .10), and short words (M = .46, SD = .13) were better recalled than long words (M = .36, SD = .11). Of particular importance to our study, there was no significant interaction between recall direction and word length. As is shown in Table 1 , the effect of word length was significant in forward and backward recall. There was a significant interaction between recall direction and serial position due to the greater primacy effect in forward recall and recency effect of backward recall. There was also a significant interaction between word length and serial position. No other significant interactions were found.
Experiment 4B The analysis showed that backward (M = .47, SD = .19) and forward (M = .45, SD = .13) recall performance were not significantly different. There was a significant main effect of word length, with short words (M = .51, SD = .14) being better recalled than long words (M = .41, SD = .10). The main effect of serial position was also significant. There was no significant interaction between recall direction and word length. As is shown in Table 1 , planned contrasts showed that the effect of word length was significant in forward and backward recall. Once again, there was a significant interaction between recall direction and serial position, as a direct result of the greater primacy effect in forward recall and the greater recency effect in backward recall. There was a significant interaction between word length and serial position. No other interactions were significant.
Discussion
In both Experiments 4A and 4B, we replicated the word length effect, showing a recall advantage for short words, as compared with long words (see also Baddeley et al., 1975) . In addition, in contrast with the results of Bireta et al. (2010; Surprenant et al., 2011) , the effect of word length was not modulated by recall direction, irrespective of set size. Therefore, the four experiments show that the benchmark memory effects are preserved in backward recall. The Cohen's ds presented in Table 1 , however, seem to suggest that, in most experiments, the benchmark memory effect is reduced to some extent in backward recall, as compared with forward recall.
Combined analysis In order to examine whether increasing power would allow detecting an effect of recall direction on the memory effects, performance was pooled across serial positions, and word pool was used as a between-subjects factor. Therefore, for each benchmark memory effect, we carried out a mixed ANOVA with pool (two levels; open, closed) as a between-subjects factor and recall direction and benchmark memory phenomenon as within-subjects factors. These analyses are presented in Appendix 2. Recall performance for each experiment, pooled across serial positions, is presented in Fig. 3 , along with the results of Bireta et al. (2010) to allow a direct comparison between the two studies. For the phonological similarity effect (Experiments 1A and 1B), only the main effects of phonological similarity and of pool were significant. The interaction between recall direction and phonological similarity was not significant. A 
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Closed Pool (Exp.1B) (Experiments 2A and 2B) , showing that only the main effect of irrelevant speech was significant. Indeed, the interaction between recall direction and irrelevant speech was not significant. A different pattern emerged for the effect of articulatory suppression (Experiments 3A and 3B): The main effect of articulatory suppression was significant, as well as the interaction between recall direction and articulatory suppression. Finally, for the word length effect (Experiments 4A and 4B), the main effects of recall direction and of word length were significant. The interaction between recall direction and pool was also significant. As is shown in Fig. 3 , this interaction is due to the fact that performance increased in the backward, as compared with the forward, direction when an open pool of words was used (Experiment 4A), but not when a closed pool was used (Experiment 4B). Importantly, the interaction between recall direction and word length was not significant. The combined analyses show that the effects of phonological similarity, irrelevant speech, and word length did not decrease in backward recall. Consistent with the results of Experiment 3A, only the effect of articulatory suppression was reduced in backward, as compared with forward, recall.
Experiment 5
In the previous experiments, we showed that the effects of phonological similarity, irrelevant speech, articulatory suppression, and word length were observed in forward and backward recall. Obviously, item familiarity and set size are not the critical factors responsible for modulating the effect of recall direction on these benchmark memory phenomena. What then, could explain the discrepancy between the present results and those of Bireta et al. (2010; Surprenant et al., 2011) ? One possibility is that the effects they observed were due to the specific stimulus set they used. In order to test this possibility, we replicated Experiment 4 using the same pool of words as that used by Bireta et al. (2010) .
Method
Participants Twenty students from a local college volunteered to participate in this experiment. All participants were native English speakers, and none had participated in previous experiments.
Materials
The materials were the same as those used in the study by Bireta et al. (2010) . Two pools were used, the first pool containing 15 monosyllabic words and the second pool containing 15 three-syllable words. The short and long words were equated for frequency, concreteness, imageability, and familiarity (Bireta et al., 2010) . On each trial, 7 words were randomly chosen from the pool of the condition for that trial.
Design and procedure The design and procedure were the same as those in Experiment 1A. Fig. 4 , there appears to be a word length effect in the forward recall condition, which was diminished in backward recall. The analysis indicated that backward recall (M = .48, SD = .09) was superior to forward recall (M = .41, SD = .10) and that short words (M = .50, SD = .11) were better recalled than long words (M = .40, SD = .08). The main effect of serial position was significant. Of particular importance, the interaction between recall direction and word length was found to be significant. The word length effect was weaker in backward recall for this experiment, but planned contrasts showed that the effect was still significantly present in both forward and backward recall (see Table 1 ). The interaction between serial position and recall direction was significant, due to the greater primacy effect in forward recall and recency effect in backward recall. The interaction between word length and serial position was also significant, but not the three-way interaction between recall direction, word length, and serial position.
Results
As is illustrated in
Discussion
Experiment 5 replicated the classic word length effect, with a better recall for short words over long words (see, e.g., Baddeley et al., 1975) . Of critical importance, Experiment 5 showed that when Bireta et al.'s (2010) stimuli were used, the effect of word length was almost abolished in backward recall. Indeed, as is shown in Table 1 , the magnitude of the word length effect decreased from 29.5% in forward recall to 10.7% in backward recall. This reduction of 18.8% between the two recall conditions is even greater than that observed by Bireta et al. (2010) , who observed a reduction of 15.2%. 
General discussion
The objective of the present study was to revisit the effects of phonological similarity, irrelevant speech, articulatory suppression, and word length in forward and backward recall using open and closed pools of words. The results showed that all four phenomena were observed in both forward and backward recall, irrespective of set size.
Explaining Bireta et al.'s (2010) results
The results reported in the present study are in sharp contrast with those of Bireta et al. (2010; Surprenant et al., 2011: Bireta et al. showed that the four benchmark memory phenomena were abolished or greatly diminished in backward recall. The abolition of benchmark memory effects cannot be attributed to the use of a closed word pool. Indeed, we showed that the four benchmark memory effects were observed using both an open and a closed pool of words. The discrepancy between our results and those of Bireta and her colleagues, however, might be due to their stimulus set. For instance, because of the selection method used by Bireta et al., it is possible that the stimulus sets they used were much more impoverished in meaning, as compared with our own stimuli, and, as a consequence, participants relied more heavily on seriation in their study. The hypothesis that the discrepancy between our results and theirs is due to the stimulus set was confirmed by our last experiment: When we used the same set of words as that used by Bireta et al., the recall advantage for short words over long words was severely reduced, decreasing from 29.5% in forward recall to 10.7% in backward recall.
For the experiments on irrelevant speech and phonological similarity, Bireta et al. (2010) used closed sets of letters that were the same for all participants. It can be argued that their results with letters were due to the extreme familiarity of letters, as compared with words. However, as was shown in Experiment 1B, increasing familiarity with the stimulus set did not modulate the interaction between recall direction and phonological similarity. Although no definite explanation can be provided for the abolition of phonological similarity and irrelevant speech effects in backward recall using letters, lexical representations are a likely candidate. Indeed, words have a lexical representations in long-term memory, while, to all practical means, letters do not.
The present study is not the first one to suggest that the stimulus set selected is responsible for the effects that are observed. For instance, Bireta, Neath, and Surprenant (2006; see also Jalbert, Neath, Bireta, & Surprenant, 2011) showed that the stimulus set used modulated the word length effect when short and long words were presented in alternation in a list. On the one hand, this assumption warrants great care when selecting stimuli in order to test memory processes. On the other hand, it does not explain why, when letters or these specific word sets were used, Bireta et al. (2010) abolished the four benchmark memory phenomena.
The presence of results diametrically opposed to those observed by Bireta et al. (2010; Surprenant et al., 2011) in the nine experiments of the present series and the attribution of this difference to the word sets naturally raise the issue of items' representativeness. In both of their articles, Bireta and her colleagues used a total of 54 different words and 15 different letters. In the present series of experiments, we used 980 different words (one set of 196 words in Experiment 1; one set of 392 words in Experiments 2 and 3; and one set of 392 words in Experiment 4). We think that our 980 words are potentially more representative than the 54 words of Bireta et al. and, therefore , that our results are more likely to be replicated in future studies. This idea is comforted by the fact that in addition to the present study, other studies have shown that backward recall had no effect on memory phenomena (see, e.g., Guérard & Saint-Aubin, in press; Walker & Hulme, 1999) . Undoubtedly, uncovering the key characteristic shared by Bireta et al.'s (2010) stimuli will shed light on the processes underpinning backward recall.
Implications for backward recall
In order to account for the effect of backward recall on the four benchmark memory effects, Bireta et al. (2010) suggested that when participants are required to recall items in the reverse order, attention to the order dimension is increased. Backward recall would necessitate more resources for order processing at the expense of item processing (see also Delosh & McDaniel, 1996) . Therefore, the effects found in forward recall that are attributed to distinctiveness along the item dimension would be abolished in backward recall. This interpretation was challenged by Guérard and Saint-Aubin (in press), who showed that four phenomena that mainly affect the retention of item information-that is, the effects of semantic similarity, word frequency, lexicality, and imageability-were unaffected by backward recall (see also Walker & Hulme, 1999) . According to Bireta et al.'s view, the four benchmark memory effects-that is, the effects of word length, phonological similarity, articulatory suppression, and irrelevant speech-are attributed to the item dimension. The item and order trade-off hypothesis predicts that they should be modulated by recall direction. However, this was not the case in the present study. Therefore, the item and order tradeoff hypothesis cannot account for the present results.
In order to explain the discrepancy between Bireta et al.'s (2010; Surprenant et al., 2011) findings and those with lexical effects, Guérard and Saint-Aubin (in press) suggested that the processes underlying benchmark memory effects and lexical effects were modulated differently by recall direction. In agreement with the modal view in the field, lexical effects can be accounted for by calling upon redintegration processes (see, e.g., Hulme et al., 1991; Saint-Aubin, Ouellette, & Poirier, 2005; Stuart & Hulme, 2009 ). To put it in a nutshell, during recall, degraded phonological representations must undergo a deblurring or reconstruction process before being output as a response. Long-term lexical representations would be used to support this reconstruction process, which would be insensitive to recall direction. The memory processes underlying benchmark memory effects, on the other hand, would be affected by recall direction, since immediate serial recall performance would be based on item and order processes.
The present study does not allow questioning the idea that lexical effects and benchmark memory phenomena depend on distinct processes. It clearly shows, however, that none of these processes are affected by recall direction.
The present study is consistent with previous research showing that memory phenomena, such as the effects of semantic similarity, word frequency, lexicality, and imageability, were unaffected by backward recall (Guérard & Saint-Aubin, in press; Walker & Hulme, 1999) . Together, these studies suggest that the processes underlying lexical effects and benchmark memory phenomena are not affected differently by backward recall. One parsimonious explanation that can account for the effect of backward recall is the principle of output interference (see Li & Lewandowsky, 1995) : As items are output, the items not yet recalled are degraded and become more difficult to recall. In backward recall, the first items output are the last list's items. Therefore, these items suffer less from output interference, as compared with initial list's items, leading to a greater recency than primacy. In forward recall, recency is weaker than primacy because the last list's items are degraded during the recall of the first list's items.
In conclusion, the present study shows that benchmark memory effects well known to affect forward serial recall are all observed in backward serial recall. We are confident that these results will be easily replicable, since they were found with a large range of words. Overall, the present findings allowed understanding further the mechanisms underpinning backward recall. More precisely, they suggest that a parsimonious account based on the principle of output interference is sufficient to account for the effect of backward recall. Lists used in Experiment 1 
